ABSTRACT A linear DNA plasmid, designated pLLE1, has been isolated from a mitochondrial fraction of a strain of Lentinus edodes. pLLE1 (1 1.0 kbp) was sensitive to the 3'-5'-acting exonuclease Ill and resistant to the 5'-3'-acting X exonuclease. It showed no homology with mitochondrial and nuclear genomic DNAs of plasmidless strain as well as the pLLE1-harboring host strain of L. edodes. The 1434-bp fragment (sequences)
INTRODUCTION
Two linear plasmid DNA elements, designated pLPO1 and pLPO2, have been isolated from the edible basidiomycete Pleurotus ostreatus MS-PO. . They were shown to be localized in mitochondria and have 5' ends blocked by association of a protein (1) . pLPO1 (10.0 kbp) and pLPO2 (9.4 kbp) form broad DNA bands on agarose gel without treatment by proteinase K. Phenol-extraction results in the disappearance of the proteinassociated plasmid DNAs from aqueous phase; the protein-DNA complexes are probably lost at the phenol/aqueous phase interface. Linear DNA plasmids previously observed in Streptomyces rochei (2) , the yeast Kluyveromyces lactis (3) and Saccharomyces kluyveri (4), the ascomycete Ascobolus immersus (5) and Claviceps purpurea (6) , the basidiomycete Agaricus bitorquis (7) , the plant pathogenic fungi Rhizoctonia solani (8) EMBL accession no. X51832
and Fusarium oxysporum (9) and plants Zea mays (10) and Brassica campestris (11) all these possess a terminally attached protein at each 5' end of the duplex DNA, which are similar to mammalian adenoviruses and Bacillus subtilis bacteriophage 029 (12) . In these viruses, DNA synthesis is shown to be primed by the 5'-terminal protein and to proceed by strand displacement (12) .
We have recently found a linear plasmid DNA element in the basidiomycete Lentinus edodes, one of the most popular edible fungus. Differently from the above-mentioned linear plasmid DNAs, this DNA element formed a clear DNA band on agarose gel even without treatment by proteinase K. We show here that the linear plasmid is present in mitochondria and the isolated plasmid DNA appears not to have the 5' ends blocked by a protein. We have previously cloned autonomously replicating sequences in S. cerevisiae(ARSs) with YIp32 (13) from L. edodes mitochondrial genomic DNA (14) . The cloned 3.2-kbp fragment was found to contain at least two ARSs. Stability and copy number properties of the YIp32 carrying the 3.2-kbp fragment were similar to those of the recombinant plasmid of YIp32 and the ARS-containing fragment from the S. cerevisiae mitochondrial genomic DNA (14 (1) . The DNA was separated into nuclear (bottom), mitochondria (lower) and plasmid DNA element (upper) fractions (see figure  1-B) . DNA bands removed from gradients were extracted five times with 5 M NaCl-saturated isopropanol, dialyzed against TNE buffer, ethanol-precipitated and dissolved in TE buffer (10 mM Tris-HCl (pH 8.0), 1 mM disodium EDTA). If necessary, the DNA was repeatedly centrifuged in Hoechst 33258-CsCl gradients. (iii) Purified mitochondria were repelleted, lysed in 1 % SDS/0.5 M NaCl/0.3 M disodium EDTA, pH 9.0. The reaction mixture was extracted with phenol, ethanol-precipitated and dissolved in TE buffer.
Plasmid DNA was extracted from E. coli cells by alkaline lysis (20) and purified by CsCl-EtBr gradient centrifugation (21) .
Small-scale preparations of E. coli plasmid DNA were made by the alkaline lysis method described by Maniatis et al. (22) . Total yeast cellular DNA was prepared as described by Cryer et al. (23) . figure 2 and the Hechst 33258-CsCl density gradient centrifugation patterns in figure 1 suggest that pLLEI DNA is present to an extent of 1-2 copies per mitochondrial genome equivalent. No DNA homology between pLLE1, mitochondrial and nuclear genomic DNAs of L. edodes Total mitochondrial DNAs prepared from the pLLE 1-harboring L. edodes MS-LE. 1610 and the plasmidless L. edodes FMC2 were digested with BamHI and hybridized with 32P-labeled pLLE1 probe ( figure 3 ). In the case of MS-LE.1610 (lanes 3 and 3') two hybridization bands were seen only at the positions corresponding to the BamHI-digest of pLLEI (lanes 2 and 2'), showing that the mitochondrial genomic DNA has no homology to pLLEl. This was confirmed by the experiment using the nondigested mitochondrial genomic DNA. In the case of FMC2 no hybridization band was observed (lanes 4 and 4'). Analogous experiment was done for the nuclear genomic DNA of MS-LE. 1610 (lanes 5 and 5'). However there existed no DNA homology. The result was the same also for the FMC2 nuclear genomic DNA( data not shown). These data suggest that pLLE1 is self-replicating. pLLEI was shown not to be homologous to the linear plasmids pLPO 1 and pLPO2 previously isolated from the mitochondria of P. ostreatus MS-PO. 16-8 (1).
Susceptibility of pLLE1 to exonucleases
The susceptibility to exonucleases of pLLEI prepared without treatment by proteinase K was examined (figure 4). When a mixture of pLLEI and the Eco RV-linearized pBR322 DNA (control) was incubated with 5' 3'-acting X exonuclease, the linear pBR322 was steadily degraded, whereas pLLE 1 was insensitive ( figure 4-A) . In contrast, both pLLEI and the linear pBR322 were sensitive to the 3' 5'-acting exonuclease III ( figure 4-B) . The X exonuclease-treated pLLE1 was cleaved with BamHI which cuts pLLEI at a single site yielding 4.4-kbp and 6.6-kbp fragments (see figures 3 and 5). The two BamHI-fragment were 1), 2 (2), 5 (3), 10 (4), 30 (5) and 60 min (6) shorted by X exonuclease (data not shown). From these data, the following two possibilities are considered.(i) The 5' ends of pLLE1 are protected and the 3' ends are free. The P. ostreatus linear mitochondrial plasmids pLPO1 and pLPO2 showed a resistance to X exonuclease even after treatment by proteinase K in the presence of SDS. This imply that an oligopeptide covalently binding to the 5' ends of the linear DNA protects the DNA from attack of the exonuclease. It is possible to consider that pLLE1 possesses the 5'-terminal protein inherently, but it is degraded by action of endogenous protease during extraction of the DNA. (ii) The ends of pLLEl have a hair-pin structure, containing a nick. (telomere-like structure). Exonuclease III is known to act from the nicks on the duplex DNA but X exonuclease does not act (30) . The two sorts of crude mitochondria fractions prepared from L. edodes MS-LE. 1610 and P. ostreatus MS-PO. 16-8 in the absence of proteinase K were mixed together, lysed with N-lauroyl-sarcosine and incubated at 65°C for 30 min and then, centrifuged (see DNA preparation (i) in MATERIALS AND METHODS). The resulting supernatant was analyzed by agarose gel electrophoresis. The results, however, were that pLLE forms a clear DNA band, but pLPO and pLPO2 still show diffused DNA bands. pLLEI prepared without proteinase K-treatment was ligated and then denatured by alkali. After a neutralization, the DNA sample was treated with BamHI and then electrophoresed in an agarose gel. However, the pLLE 1-derived 4.4-kbp and 6.6-kbp fragments were not detected. To determine TTCGTCAACT ATMTATATA TGTTTAGGAT GACTTATATT ATTTTTACTT TACCTTT   COTA   CG  ACTAC   AAATAAAMA ATTAGATATA AGTGMTATT TAAGTTCTTT ATATAATAAA TATAATGAAT ATTTGGAATC TTTGAGTCCT GATAAAATTG TUTGTAT   100TTTATTiTiT TAATCTATAT TCACTTATAA ATTCAAGAAA TATATTATTT ATATTACTTA TAMCCTTAG MACTCAGGA CTATTTTAAC AAATM   ,.RTATACT7 ACACACGGTT TMTTTTATC TTCTTTCTTT AGTGTTTTAT TTGAAAA   AAMTC AAArTGGITTT   201ArATATGAA TGTGTGCCAA ATTAAAATAG AAGAAGAAA TCACAAAATA GATACAA ATCACIrIA TATTATAG TTTAACCAMA ,   TATCCTA AM TTC AAATT ATTAAAATTA A  GTATCTAAA TTTTATTTAT TAATGCAmT TATTACTATT ATATTAGGAC   300ATAGGAT TTTATATI7AA TAATMTlMT TO  ATAGATTT AAAATAAATA ATTACGTAAA ATAATGATAA TATMTCCTG   TTTTAGGGAA TATM  M 7ACCIAA--AT=   _GGAAAA TAATTAAAMA AATTAAMCAT TTGAAMATTA   400AAAATCCCTT ATAA  MMAATGGA TMTMTACTTTA A1C TTT ATTAATTTT TTAATTTGTA MCTrTTAAT  AATTATTT1C TTCTAGCTTC ITCTTGCGAT GGTTACGGTG TTTAACAATG GCTATTAAAG AGTAAATGAA AATTTAGTTA AACTAGGTCT MTTCCTCCT   500TTMAATAG MGATCGAAG AAGAACGCTA CCAATGCCAC AAATTGTTAC CGATAATTTC TCATTTACTT TTAAATCAAT TTGATCCAGA TTAAGGAGGA   AGTACATATT TMTAGAGGT ACGGTTACM GAGAATACCT TCCCGTGGTG TCACTG TT1 . (14) . It was estimated to be 20-30, being noticeably higher than 6 for pSK52 and 10 for YRMp24 (14 (17) . Therefore the above recombinant plasmids are considered to be replicated in nuclei.
The nucleotide sequence of the cloned 1.4-kbp fragment exhibiting a high ARS activity in S. cerevisiae The nucleotide sequence of the cloned 1.4-kbp fragment with ARS activity of pSKP1 1 was determined (figure 6). The fragment was composed of 1434 bp and characterized by high (A+T) content (76.9%). Of interest was the fact that the 1434-bp fragment contains three consecutive ARS consensus sequences (A/T)TTTAT(A/G)TTT(A/T) of S. cerevisiae (32) between nucleotides 414 and 462. The 366-bp DraI fragment (nucleotides 294-659) containing the three ARS consensus sequences was inserted into the EcoRV site on YIp32 and the resulting recombinant plasmid was introduced into S. cerevisiae AH22 for examining ARS activity of the fragment. The results revealed that the 366-bp Dral-fragment (78.7 % (A+T)) retains the ARS activity of the 1434-bp fragment. Preliminary sequencing data showed that the 3.2-kbp ARS fragment from the L. edodes mitochondrial genomic DNA on the above-mentioned pSK52 carries ARS consensus-like sequences at several different positions. The data, taken together, the three consecutive ARS consensus sequences seem to play an important role for expression of a high ARS activity.
However, we do not know whether the ARS element of the L. edodes linear mitochondrial plasmid pLLE1 is employed in the pLLEl DNA replication in the basidiomycete L. edodes. To clear this, the structure of ends of pLLEl plasmid should be first analyzed.
